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NGHIEN CUU SU DICH PONG CUA BUONG LO PQ SAU LON VA BE
XUAT GIAI PHAP CHONG GIU BANG KET CAU VI NEO

NGUYEN HU'U SA”, PANG VAN KIEN",
PAO NGOQC HIEP™, VU PINH HUNG™,
TRAN TUAN PIEP™*

Research on the surface movement and deformation of drifts in
large depth and proposing solutions using rock bolts structures
Abstract: Research on the surface movement and deformation of drifts
in large depth has not received much attention at this time. Many
underground mines have reached the depth of from 100-+300m,
especially up to 500m such as Mao Khe coal mine campany, Nui Beo,
Khe Cham coal mine.... The article presents the current status of study
on surface movement and deformation of drifts in large depth in
Quangninh coal area based on the actual conditions of Mao Khe coal
mine. The studies used Phase? software to create simulation models to
study the surface movement and deformation of drifts of the
underground drifts in Quangninh coal area. The objective of this
study is to highlight the the using rock bolts to make rock support of
drifts in large depth in Quangninh coal area. The simulation results
will help the consulting campanies and undeground mines to design
the rock support of the drifts located Quangninh coal area.

Keywords: Surface movement; deformation; rock support; rock bolts,

yielded zone

1. Pit van dé
Cong tac khai thac mo da gy ra cac tac dong
16n dén bé mat dat do da lay di mot phan vat
chat tir phan vo trai dat, dan dén sy thay doi
trang thai vat chat hodc trang thai cu trac ban
dau cia khbi da va lam mat thé can bang cia
{mg suat nén ban dau trong dia ting chira than.
Hau qua 1a khdi d4 ty nhién roi vao trang thai
“mét can bang” (mg suét va s& “tu diéu chinh”
dé xac lap trang thaican bang moi, trong d6
trang thai can bang vé co hoc co ¥ nghia dic
biét (Pham Van Chung, 2010). Qua trinh trén
dién ra duéi dang phan b lai trang thdi mg suat
va kéo theo hién twong dich chuyén va bién
dang dét da co tinh chat rat da dang,phirc tap va
phu thudc vao rat nhidu yéu t6 dia chat, khai
thac, co ly da... [1], [4], [6+10].
‘Trong qua trinh blen doi trén, khoi dat da co
thé tién dén trang thai 6n dinh hoan toan, hodc
trang thai mat 6n dinh & cac mirc do khac nhau.

* Truong Dai hoc Mo-Dia Chat

** Céng ty cé phan Tuw vdn ddu tw mé va cong nghiép
Vinacomin

™ Vién co hoc va tin hoc g dung Viét Nam

Email: kienxdn@gmail.com

Trang thai mat 6n dinh can bang tGng suit dich
chuyén khong dong déu s& giy ra bién dang.
Khoang trong cia dat da do than duoc khiu ra
s& lam mat thé can bang luc nén cac 16p dat da
vach (noc 10) s& ubn vong va sap d6. Khoang
sap d6 16n hay nho tiy thudc vao kich thudc
khoéng tréng khai thac. Su sap do cac 16p dat da
véch 13 hién tuong dich chuyén va bién dang dat
da mo. Hién tuong nay s€ giam dan khi dat da
lap day khoang trong khai thac va dat da ving
tru via 6n dinh hodc s€ lan truyen 1én phia trén
va tham chi 1én t6i mat dat néu dat da yéu va do
sau khai thac khong 16n. Hau qud cta sy lan
truyén nay sé& giy ra bon dich chuyén trén mit
dat hodc xuat hién ting bac, anh hudng dén cac
cong trinh tuy theo cuong do bién dang va dugc
thé hién qua cac hién twong dich chuyén pha
huy (nén v& da, sat 16, sap 16...).

Cho dén nay, trong linh vyc co hoc da, khai
thac moé dd c6 nhiéu phuong phap duoc tng
dung dé nghién ctru dich chuyén bién dang dat
da va da c6 nhiéu két quang hién ctru duoc cong
bd trén thé gidi. M6 hinh nghién ciu du bao
chiéu cao vung pha huy, tach 16p dd dugc cac
nha khoa hoc nghién curu, dién hinh nhu 1a cac
tac gia (Kratzsch, 1983; Mindlin, 1939). Tuy
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nhién & nudc ta, trong linh vuc khai thac méd
van dén nay van con it dugc chu y. Tir niam
2011 dén nay dd c6 mot sb6 cong trinh nghién
ctru dich chuyén bién dang bang mé hinh vat
liéu twong duong dugc cong bd trong nhiéu tai
liéu khac nhau (Nguyén Anh Tuan va n.n.k,
2011; Nguyén Anh Tuin va nnk, 2012; Nguyén
Vin Sy va n.n.k, 2012; Nguyén Tam Son, 2012;
Tran Trung Anh, 2012). Tuy nhién, qua cac tai
lidu d6 cho thiy viéc nghién ciru mat nhiéu cong
ste, thuc hién trén mo6 hinh nhd, nén hé so
twuong duong 16n. Nghién cuu mang tinh ly
thuyét, khong ké dén cac cong trinh di cong bd
ctia nhom thyc hién dé tai nay, dé dy bao ltn sut
cling duoc mot sé chuyén gia thuc hién. Trong
pham vi nghién ctru nay, bai bao tién hanh
nghién ctru str dung két cau chdng vi neo tai khu
vuc ¢6 chuyén dich 16n théng qua phan mém
RocScience RS2 - Phase?. Pé phuc vu nghién
ctru, bai bao da khao sat qua trinh chuyén dich
cua duong 10 ¢ do sau 350m voi chiéu day via
khéc nhau bang phuong phap s, trén co so do
dé xuat cac giai phap chong gitr duong 10 dya
trén viéc str dung cac t6 hop két ciu vi neo.

2. Co s¢ 1y thuyét va phwong phap nghién
cuiru
2.1. Diic diém bién dang ciia két ciu chéng giir
dwong lo tai cac khu vwc khai thac co dp sdu
lon

Céac duong 10 doc via d4& & md than Khe
Cham III thuong co tiét dién str dung duoc thiét
ké theo muc dich sir dung va phi hop theo san
lwong khai thac ting khu vuc. Trén Hinh 1 thé
hién kich thude tiét dién dao cia duong 10 doc
via d4 & muc -190 via 14.5 va tric doc duong 16
nam dudi khu bai thai Bang Nau sau khi bi nén
IUn. Hién tai cac duong 10 dao trong than tai khu
vuc dudi bai thai chu yéu dugc dao bang
phuong phap khoan ndé min va chéng giit bang
khung chéng thép CBIL. Cac duong 16 khu vuc
nghién ciru cta via 14.5 gdm cac doan 16 dao
qua via than hodc qua céc 16p da c6 do on dinh
kém thi sau khi chéng tam bing khung chéng
thép tién hanh chong ¢ dinh bang vo chéng bé
tong. Nhitng vi tri déc biét trong 10, co thé xuét
hién bung nén, ciing duoc chdng c¢d dinh bang
vo chdng bé tong cot thép két hop véi dam vom
nguoc dé chéng bung nén.

Hinh 1. Hién tuong dudng 10 bi nén ép manh tai doan 10 khong chdng neo bi nén thi cong tir nim
2019 thudc 10 DVTG 14.4-2, khao sat ngay 12/05/2021

2.2. Xdy dwng mo hinh dia co hoc dw bdo dich
dong ciia h¢ thong cic dwong 1o khu vwe mé
than Cong ty than Khe Cham TKV

Pé tinh toan, xay dung mo hinh dia co hoac
thiét ké cac cong trinh ngam va cong tac khai
thac mo, can thiét phai co cic chi tiéu tinh chat
co 1y cho khdi da. Trong thuc té, co rat nhiéu
phuong phap dé xac dinh cac chi tiéu do, dién
hinh nhu phuong phap phan loai khéi da theo
RMR, phuong phép hé sb giam bén do cau tric
khéi da ctia Nga va phuong phap tinh theo tiéu

chuén bén cia Hoek-Brown cho da hodc khoi da
c6 tinh dén cac chi s6 GSI (Geological Strength
Index - chi s6 d6 bén dia chat), chi sé6 D
(Disturbance due to blast damage - pha hoai do
nd min). Hién nay, co nhiéu biéu thic xac dinh
cac chi tiéu co hoc nhu: mé dun bién dang, do
bén nén, dd bén kéo cling nhu gdéc ma sat, luc
dinh két d3 duogc xac dinh c6 lién quan to1 cac
chi s6 RMR, GSI va D. Do cac phuong phap
xac dinh dya theo céc tiéu chi khac nhau, vi vay
can thiét phai phan tich, so sanh dé co thé lya
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chon phuong phéap “hop 1y, cling nhu phat trién
Ung dung phuong phap trong dleu kién Viét
Nam. Két qua thi nghiém cic mau da bang

phuong phap nén don truc tai ving bé than
Quang Ninh tai khu vuc Cong ty than Khe
Cham TKV duogc thé hién tén Bang 1 [1].

Bang 1. Dit lidu dau vio ciia phan mém RocData theo tiéu chuan Hoek-Brown

Chi 50 bén dia
chét GSI

Do bén nén on,
MPa

Loai da
No

M6 dun dan
hoi E, MPa

Hang s6 vat
liéu m;

Chi s6 pha hoai
do n6 min D

[E=N

Cat két

114 45

0,8

17,0

2115

N

Bot két

42 37

0,8

7,0

691,36

w

Sét két

31 11

0,8

4,0

244,03

SN

Than

17,1 8

0,8

4,0

93,01

Sau khi x4c dinh mé dun dan hdi cho cac 16p
dat da khu vyuc nghién ctru, tién hanh xay dung
cac mo hinh dia co Hinh 2 véi chiéu day via
thay d6i 3,0m; 5,0m; 9,0m tai do sau 400m dé
tim diéu kién bién sat v&i thyc té nhat. Kich
thuc md hinh 100x100m, phan chiéu cao dat

d4 phia trén dugc quy doi twong duong ap luc
tac dung 1én mo hinh. Céc két qua tinh toan
trén mo hinh bao gdm céc dai lwong: d6 lan cuc
dai, bién dang ngang, blen dang cong, do
nghiéng va cic thong s6 vé goc .
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Hinh 2. M6 hinh tinh toan dich dong ctia dudng 16 véi chiéu day via khac nhau

2.3. Xdy dung mé hinh dia co hoc dy bdo djch
dong ciia hé thong cdac dwong lo khu vwc mo
than Cong ty than Khe Cham TKV

Két qua mo hinh s6 du bao dich dong ctia hé
théng cac duong 1o khu viuc moé than Cong ty
than Khe Cham TKV duogc thé hién trén tir
Hinh 3 d&én Hinh 5.
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Hinh 3. Chuyén vi thang ding cua khdi dat/ ¢a xung quanh dudng 16
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Hinh 4. Chuyén vi nim ngang cia khdi dat/ ¢a xung quanh dudng 16
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Hinh 5. Bién dang cac phan tir ctia khbi dat/ d4 xung quanh dudng 16 trong mé hinh

3. Nghién ctru ing dung t6 hop neo gia ¢b cac
dwong 10 c6 dich dong lém tai vung than
Quéing Ninh

Neo 1a mot loai két ciu chdng mang tinh chu
dong c6 tac dung lién két da va khéi da cung
tham gia chéng lai cac tac dong cua ap luc tu

cac hudng noc, hong nén va ap luc truong no.
Neo 1a loai két ciu chdng tich cuc song rat da
dang vé chung loai tir két cAu neo dén tinh ning
lam viéc cta neo, tir vat chét gia cong ché tao
nén dén nguyén 1y lién két mang tai huy dong
da va khoi d4 cing tham gia chiu tai.

Hinh 6. Neo co hoc va neo cap véi khoa dudi neo

Ngoai neo ma sat diém nhu neo ném ché, neo
co hoc con co cac loai neo lam viéc dua trén

nguyén tic ma sat toan than. Trong d6 phai ké
dén cac loai neo pho bién dang su dung rong rai
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trong cac cong trinh ngam, mo nhu neo ong hd

18
16

14

Tii trong, Tin

12

(Split bolt) neo dng phong (Swellex).

Nzo chit dZo, than neo 22mm

Neo c3p 0 20 dinh kétximang

Neo chdtdéo cot thép © 20

10

Nezo Swellax 10 150 mm
Swellex
Neo 6ng he
to 150 mm
—
\ Neo 6ng hé loai SS 39

L L A L 1 1 L A L ) & 1 1
0 5 10 15 20 25 30 35 40 45 S0 55 60

Hinh 7. So d6 kha ning mang tai ciia mot

Vi nhitng ly do trén neo ma sat nhu neo ném,
neo co hoc, hay neo dng phong, éng hd va mot
sO loai neo lam viéc trén nguyén ly ma sat
khong duoc lya chon, st dung dé chong bung

(Chaf déo lién ket
nhanh (2-4 phiif)

) Chuyén vi (mm)
s0 loai neo thong dung theo Stillborg (1999)

nén. Ngoai ra, xi ‘mang (Sika) dong goi co gia
thanh ré so véi chat déo nén phu thudc vao diéu
kién dia k¥ thuat, thiét bi thi cong, diéu kién
kinh t& dé lua chon chat dinh két xi ming.

Long den chu

Thanh neo
thép

Tém dém

Hinh 8. Ciu tao neo CDCT trong 15 khoan

Nhanh, hiéu qua trong chdng giit nhét 1a
chdng giit cac dudng 10 thi cong trong da yéu,
ddc biét thi cong trong cac duong 10 doc via
trong d6 da tru, vach truc tiép co tinh truong no
sau khi bi 1 tran. D6 1a sir dung chat déo dinh
két. Chat déo két dinh 1a san pham hoa c6 rat

nhiéu vu diém d6 1a d6 bén nén doc truc gép 2-
3 14n so vo&i do bén nén cua xi mang. Néu do
dong rin cia xi ming chi dat tr 250-400
kG/cm? thi 6 bén dong ran cta chat déo do mot
sd don vi trong nuéc hodc Trung Qudc san xudt
1én dén 800-900kG/cm?,
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Hinh 9. Thoi chat

Chat déo voi tbe d6 déng ran chi 18 dén 25 neo lam viée theo nguyén Iy tmg suit trude. Pic
gidy ¢6 va luc kéo neo ngay sau khi déng rdn  tinh k¥ thuat chat déo do mot s6 don vi trong
dat khoang tir 8 dén 15 tAn/neo co thé tao ra cac  nudec tu  ché  tao gidi  thi€u  tai

Bang .

Bang 2. Dic tinh tdi thiéu dién hinh cua chit déo sir dung lam neo

Thong sb Pon vi | Lvong Ghi chu
Do bén nén MPa |80

Do bén kéo MPa 12

M6 dun dan hbi Gpa |11

Pd dao % 0,12 cire dai
Do bén cat Mpa |25 trung binh
Mat do Kg/m?® | 2000.0 trung binh
Thoi gian thanh hinh (tai 27°C) s |70 70's
Chiéu dai thoi mm 60

DPuwong kinh thoi mm | 24

Dé chdng giit cac duong 10 mo, nhat 14 cac
duong 10 chiu tac dong tong hop cua ap luc tac
dong tir cac phia quanh duong 10 va c6 sy tham
gia cua ap luc truong nd, thay rang viéc chon
neo dinh két 1a hop ly. Trong d6 can xem Xeét,
tinh toan diéu kién ciu tao via, nguyén nhan va
hudng tac dong pha huy duong 10 manh nhét.

Hinh 10. So dd cu tao neo
Neo v6i chat bam dinh diém (cuc bo) va bam
dinh toan than str dung dé neo 16p tru truc tiép
vao 16p da try bén vimng 13 giai phap dang s
dung rong rai trén thé gidi

Bang 3. Dac tinh k¥ thuat co ban ctia neo cap
Tén chi tiét CB152 CB178 CB189 CB216 CB218
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Puong kinh cap (mm) 15,2 17,8 18,9 21,6 21,8
S6 Tao hay soi 7 7 7 7 19
Trong luong(kg/m) 11 1,5 1,72 2,23 2,48
Stre bén kéo (KN) 260 350 387 504 580
Do gidn dai % MIN 3,9 3,5 35 3,5 3,5
S Theg Theg Theg Theg Theq
Chicu dai yéu cau yéu cau yéu cau yéu cau yéu cau

Neo cap két hop v6i neo chat déo cbt thép
con chéng giit hiéu qua trong cac dudng 1o dao
trong via than day, dat da tru vach mém yéu,
loai bd céc try bao v€. Day la hudng dang dugc

nghién ctru & nudc ta.

B tri duong 16 trong da tru -Via than day c6

ININININ NN

D e

i il

O doc via trong di

-

d6 bén thap tai mé COng ty than Khe Cham
TKV. Tai liéu dia chat cong trinh ctia ¢4 mo cho
thdy gan via 1a cac 16p bot két, sét két va sét
than c6 d6 bén khong cao. B6 tri duong 10 dao
trong da thay cho hé théng duong 16 dao trong
than (Hinh ) la mot kinh nghiém khoa hoc.

Hinh 11. Kinh nghiém vé viéc bd tri hé thong cac duong 10 doc via da thay cac 1o doc via than

22222222

Hinh 12. Kinh nghiém vé viéc sir dung dam nén BTCT duc sin dang phang va cong kién nghi sir
dung tai cac duong 10 via than khu via 14-5 mo than Khe Cham 3

K#ét ciu vi neo: Chéng giit chu dong, hiu
qua chong git nhanh chong, kha niang chéng d&
gia c0 dugc phat huy toan dién. So v&i hinh
thirc chéng giit bang vi thép, chéng giit bang vi

neo nang cao dugc do 6n dinh cua duong 10,
giam cuong do lao dong, thi cong nhanh, céi
thién diéu kién lam viéc cho cong nhan. Mat
khac khi khai thic xudng sau duong 10 cich xa
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mat dat s& giam gia thanh van chuyén két cu
chdng do vay s& giam gi4 thanh chdng giir cho
cac duong 10.

Neo cap gia cwong: sir dung cach thanh neo
cap noc 10 va hong 10 tai cac vi tri ¢6 bién dang
duong 10 16n, khoang cach a, m. Neo cap duoc
b tri theo hinh thirc sole 2-3 nhu Hinh thé
hién. M&i thanh neo cép st dung 2 théi chét déo
CK2350va 3 thoi Z2350. Tam dém chuyén dung
cho neo cép quy cach: 14mmx300mmx=300mm.
Cép neo sir dung cap neo thép du Ung luc

Chiéu dai khda neo

®17,8mm, chiéu dai thay ddi tiy thudc diéu kién
ap lyc mo, chiéu dai doan 16 ra ngoai la 200mm.
Luc siét true clia cap neo phai 1én hon 100kN;
vat tu dg phong phai dugc st dung trong thoi
gian thi cong khong it hon hai ngay va ching
phai duoc liét ké dé quan 1y trong kho dic biét
va duoc dit gon gang; cap neo phai sap xép kip
thoi theo khoang cach hang quy dinh, tranh viéc
chéng giir cham tré.

Phan kéo dai
30cm-110cm

Free length

(a)

=

Cone body

- o - -

Huong kéo

(b)

Ban dém

(c)

Chat déo dinh két dudineo Cép cia thanh neo

Thiét bi khéa Ong thép

Hinh 13. C4u tao neo cap

Neo ngén
Vom gia cuong <
. '\/ /

/
.

Hinh 14. Nguyén tic tao vao khi gia cd két hop neo ngin BTCT, CDCT va neo cap dai

Chéng ting cudong ding mdp sé thanh neo
cap ¢17.8 x6000mm, khoang cach cac hang neo
cap la 1200x1600(mm), bo tri theo kieu “212”

xen gitta hai neo thép 1a mot neo cap, neo cap
phai duoc siét chat, moi thanh neo cap toi thiéu
05 thoi chat déo loai 350mm. Lyc cang so bd
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neo cap khong nho hon 100 kN.

|
|

=

Neocap $17.8, L=6.0m
(Mat a6 a=1200x1600)

Neo chat déo oft thép $20,L = 24m
(M4t a6 a=800x800)

3320

2300

4600

Hinh 15.Chdng tang cudng bang neo cap trong diéu kién ap lyc 16n

Bé tong phun: Can cur ly thuyet vong pha
hay xung quanh dudng 16, két chdng giit neo va
bé tong phun dua vao d6 phan lam 3 loai hinh: 1
- Vong pha huy nhé (d6 day < 400 mm), tac
dung chong giir khéng thé hién 3, chi can tién
hanh chdng giir bé tong phun. 2 - Vong pha huy
trung binh (d¢ day tr 400 mm dén 1500 ‘mm),
chéng gitr tuong d6i dé, sur dung ly thuyét treo
tinh toan thiét ké tham s neo, diém treo & ngoai
vong pha hiy. 3 - Vong pha huy 16n (d6 day >
1500 mm), tac dung cua neo la cung cap lyc cd
dinh chit cho khdi da v& nut trong vong pha
huy, giup khoi phuc duoc dén gan cuong do ban
dau khoi da dong thoi von c6 tinh linh hoat thu
nho, sir dung ly thuyét vom gia cd thiét ké tham
s0 chdng giit neo. Co thé thiy, 1y luan chdng giit
vong phéa huy da xac dinh duoc diéu kién thich
{g va pham vi sir dung céc loai 1y thuyét chong
giit neo kinh dién.

5. Két luan va kién nghi

Cong tac chdng gitr on dinh cac duong 10
trong mo than ham 10 van ludén 1a mot chu dé
noéng dit ra hién nay va duoc nhiéu nha khoa
hoc quan tdm nghién ctru. Trén co s& kinh
nghiém cua nudc ngoai va thuc té nhing ton tai
trong qué trinh quy hoach, thiét ké, thi cong
chéng gitr duong 10 nim ¢ do siu 16m trong
TKV. Két qua bai bao cho phép rat ra mot sb
két luan sau:

- M0 hinh dia co cho phép giai dugc cac bai
toan c6 tinh dén dic diém bién dong diéu kién
dia chét - khai thac moé nhu goc dbc via, do siu
khai thac. Cac quy luat nhan duoc vé phan bd

g suit, bién dang, su phat trién cta ving pha
huy, cing nhu cuong d6 cua ching phu thude
rat 1d vao nhimg déc dlem nay.

- Do bién dong vé diéu kién dia chit va céac
tinh chit co 1y ciia da nén khong thé co dugc
nhan dinh tong quat vé cac quy luét bién d6i co
hoc. Pé nhan duoc cac hinh anh chinh xac vé
cac quy luat bién dbi co hoc trong khéi da véi
cdu trac dia chét phirc tap, nhét thiét phai phan
tich cu thé cho ting truong hop, trén cac mé
hlnh dugc xac 1ap cho khbi da tuong Gmg voi
céu trac phan 16p, cac tham sé co hoc cua ting
16p.

- Tai vung than Quéng Ninh diéu kién dja
chat ludn bién dong, thay ddi theo timg khu
vyc, nén cac md hinh sé dugc xay dung trong
dé tai, duc rat tir kinh nghiém thi cong, tir cac
két qua quan tric, theo ddi trong thi cong cho
phép du bao kha ning co thé dan dén mat on
dinh trong dao 10 tai khu vuc c6 anh hudng cua
khu vuc khai thac him 16 va bé mit;

- Bai bao d& xuat mot sé giai phap chdng giit
bang t6 hop két ciu vi neo nham han ché dich
dong cua duong 10 c6 d6 sau lon va cod su
chuyén dich duoc du béo bang mé hinh sb véi
cac thong sb6 ddu vao dugc chuin héa cho khdi
da thong qua phan mém RocData.
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